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This article describes the changes in phenotype of cultures of adipose tissue cells (ATCC) and bone marrow cells (BMCC) in the process of cultivation. Study of primary cultures of cells of the bone marrow and adipose tissue of rat has shown that they are morphologically heterogeneous, they included: a small number of cells of polygonal shape, and the bulk was fìbroblast-like cells. Process of transition from the heterogeneous cultures at zero passaging to the most homogeneous at the end of the study was noted during further cultivation. We noted differences in immunophenotype of bone marrow and adipose tissue cell cultures that did not disappear with passaging.
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Statement of the problem. Year by year the regenerative therapy requires greater guarantees of safety and efficiency of cellular material, so the selection of optimal sources of cells is one of its key stages.

Analysis of main studies and publications laying the foundation for resolving the problem. Today, the bone marrow is fairly well researched as a source of stem cells of adult donors. Bone marrow is the only tissue of an adult organism, which normally consists of immature, undifferentiated and low-differentiated cells, called stem cells [25]. It has been proven that mesenchyme and endothelial cells in the bone marrow can develop into a variety of no hematopoietic cells – osteoclasts, chondrocytes, adipocytes, epithelium [5, 14]. 
Adipose tissue is an alternative source of cellular material, from which they can be obtained using less invasive methods in much larger quantities, in comparison with the bone marrow. Adipose tissue is composed of fat cells – adipocytes, and the cells that make up the Stromal Vascular Fraction (SVF): pre-adipocytes, endothelial and smooth muscle cells of blood vessels, the perivascular fibroblasts and supportive fibrous collagenous stroma [1, 11]. Stem cells in adipose tissue are multipotent. They are able to differentiate into a variety of cell lines, including adipose, bone, cartilage, nervous tissue, endothelium [16, 33] and liver cells [9, 27]. 

Transplantation of cell cultures has significant prospects in treatment of many diseases. In order to provide a basis for further research in the field of regenerative medicine, cells obtained from several sources were analysed. This study presents a comparison of the changes in phenotypic characteristics of cells for creation of an experimental system for evaluation and selection of best source of cellular material.

Study’s objective: to compare morphological and phenotypic changes in cell cultures of adipose tissue and bone marrow from the initiation to the fourth passage.

Task: to get the cell culture of bone marrow and adipose tissue, follow the morphological and phenotypic changes in the derived cultures through the cultivation process and analyse the obtained results.

Materials and methods. Animal experiments were conducted in compliance with the requirements of the law of Ukraine «On the protection of animals from cruelty» (article 230, dated 2006). The research used 3 males of non-pedigree rats at the age of 4 months and 9 non-pedigree young rats at the age of 12 days. Experimental animals were euthanized by decapitation under ether anaesthesia.

Cell culture of adipose tissue (ATCC) was obtained from subcutaneous adipose tissue using standard methods [10, 11, 18] modified by us. Bone marrow cell culture (BMCC) was obtained from the bone marrow of femur bone, shin bone and humerus of rats using standard methods [3, 18]. Obtained cell mass cells were cultured in standard environment: 80 % − DMEM; 20 % − FBS; 10 μl/cm3 − antibiotic-antimycotic agent («Sigma», United States) (Pic. 1); in a CO2 incubator at 37 ºC and 5 % CO2 concentration [3], to confluence 90–100 % (Pic. 2).

Cells were removed using standard methods (with 0,25 % trypsin/EDTA solution) [3]. Further passaging was carried out with 1:3 dilution. Microscopic analysis and evaluation of culture was carried out using inverted microscope Axiovert 40 (Carl Zeiss).

Phenotype change control was carried out by identifying CD markers (CD10, CD38, CD34, CD45, CD48, CD54, CD56, CD66e, CD96, CD227, CD326b, CD pan keratin). Drugs were prepared using standard methods [3]. Analysis of the results was carried out by the number of cells with expression (green glow of the cells) and estimated using conventional H-Score method: S=1xA+ 2xB + 3xC, where S is the «H-Score» indicator with values ranging from 0 (no protein expression) to 300 (strong expression in 100 % of cells); A – cells with weak expression; B – percentage of cells with moderate protein expression; C – percentage of cells with strong expression. Expression level was determined as negative if the number of points was ranging from 0 to 50; low — from 51 to 100; moderate – from 101 to 200; high – 201 and more [6]. The study was carried out using a fluorescent microscope Leica DMR (Germany).

[image: image1]Results of research. Comparative analysis of ATCC and BMCC cell cultures. Primary culture of adhesive cells of adipose tissue and bone marrow of rats was characterized by morphological heterogeneity. Within a few days, after the inoculation a significant number of low-adhesive flat-angulated cells were observed which were removed during passaging. Beginning from the 3rd day for BMCC (Pic. 1) and 5th – for ATCC uniform growth of fibroblast-like cells was noted (Pic. 2). Primary ATCC reached confluence of 90–100 % with an average of 14 days, BMCC – in 8 days. 


[image: image7.jpg]



In the process of subculturing the time of reaching the confluence of 70–80 % was 4 days for ATCC and 3 days BMCC for 4 passages. 

Heterogeneity of cultures both bone marrow (Pic. 3.) and adipose tissue (Pic. 4) was noted during first passage. Their composition included a small number of cells of polygonal shape and fìbroblast-like cells. With every passage the number of polygonal-shape cells decreased both in ATCC and BMCC. During the fourth largest homogeneous composition of cultures was noted. Morphology at passage 4 was marked by mostly fìbroblast-like structure (Pic. 5, 6).
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Characteristics of cells cultures of bone marrow and adipose tissue by surface markers. Study of cultures of the cells of the bone marrow and adipose tissue showed differences in their immunophenotype that do not disappear with passages. Detailed changes in expression of investigated CD markers are shown below.

CD10 or neutral endopeptidase belongs to metalloproteinase family [29], its expression level was determined as negative during the whole period of passaging in both investigated cell cultures.

CD34 – transmembrane monomeric glycoprotein Type I, mediating intercellular adhesion processes. It is a marker of hematopoietic stem cells, vascular endothelial cells and embryonic fibroblasts [20]. During the research maintenance of bone marrow cell culture expression at the same level with minor fluctuations was noted, while ATCC showed sharp decrease in the level of СD34 expression up to negative during passage 4. 

Comparison of changes of CD markers expression in a pool of cells extracted from adipose and bone marrow tissue of rats from the first to the fourth passage (M ± m, n = 3)

	CD markers
	Investigated cell culture
	Passage

	
	
	І
	ІІ
	ІІІ
	ІV

	
	
	Score points by H-Score method (from 0 to 300)

	10
	BM
	0 ±0
	0 ±0
	0 ±0
	0 ±0

	
	AT
	0 ± 0
	0 ± 0
	11 ± 5
	45 ±15*

	34
	BM
	108 ± 8
	97 ± 8
	92 ± 2
	97 ± 4

	
	AT
	93 ± 5
	73 ± 7
	41 ± 11*
	8 ± 5***

	38
	BM
	116 ± 9
	94 ± 8
	57 ± 7**
	38 ±11**

	
	AT
	75 ± 9
	55 ± 3
	37 ± 5*
	14 ± 5**

	45
	BM
	95 ± 12
	83 ± 12
	76 ± 13
	45 ± 7*

	
	AT
	74 ± 6
	52 ± 5*
	23 ± 7**
	5 ± 3***

	48
	BM
	68 ± 11
	75 ± 15
	84 ± 15
	115 ± 13*

	
	AT
	98 ± 14
	76 ± 15
	59 ± 12
	26 ± 3**

	54
	BM
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0

	
	AT
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0

	56
	BM
	73 ± 12
	85 ± 8
	96 ± 7
	84 ± 7

	
	AT
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0

	66е
	BM
	57 ± 12
	78 ± 11
	108 ± 14*
	115 ± 15*

	
	AT
	248 ± 10
	201 ± 17
	103 ± 16**
	66 ± 7***

	95
	BM
	66 ± 13
	79 ± 15
	110 ± 7*
	119 ± 9*

	
	AT
	62 ± 7
	91 ± 22
	101 ± 5*
	126 ± 13*

	227
	BM
	52 ±12
	68 ±13
	89 ± 11
	83 ± 9

	
	AT
	28 ± 6.5
	46,3 ± 15,3
	72,7 ± 10,8*
	49,7 ± 9,0

	326
	BM
	97 ± 21
	87 ±19
	76 ± 11
	37 ± 6*

	
	AT
	0 ± 0
	15 ± 3
	86 ± 6***
	87 ± 7***

	Keratin
	BM
	279 ± 15
	259 ± 20
	253 ± 19
	193 ± 16*

	
	AT
	82 ± 7
	85 ± 5
	71 ± 4
	83 ± 5


Note: * - Р<0,05; ** - Р< 0,01; *** - Р< 0,001 compared to blank (First passage was the blank for every CD marker).
CD38 – single chain transmembrane glycoprotein, type II, [7], its molecule turns out to be a mediator of several different kinds of activities, including transfer of signal, cell adhesion, and the synthesis of cyclic ADP-ribose [21]. Low expression of CD38 was noted during passage 1, which may indicate the presence of progenitor cells culture. Later on the level of the expression of this marker declined to negative both in BMCC and ATCC.

CD45 – transmembrane glycoprotein type I belonging to protein tyrosine phosphatases family and expressed on all hematopoietic cells except red blood cells and platelets [30]. This fact can explain reliable reduction of expression of this marker in the obtained BMCC from 95 (I passage) to 45 (IV passage) points. Throughout the study of ATCC during first passages, presence of cells that express CD45 was noted, which was mentioned in published data [8], but its level decreased to negative.

CD48 – transmembrane glycoprotein type I with the cell membrane by glycosylated phosphatidylinositol [28]. CD48 is expressed on some hemopoietic and endothelial cells. It participates in the activation and ways of differentiation of these cells. During the survey a fair reduction in the ATCC expression from low to negative degree, while in the BMCC the expression level of manifestation CD48 reliably increased from low to moderate.

CD54 – single chain transmembrane glycoprotein, type I, present on the membranes of endothelial cells and is essential for the adhesion of leukocytes [15]. During the entire period of cultivation its expression in both ATCC and BMCC was not found.

CD56 – transmembrane glycoprotein, type I, isoform of molecules of neurons cell adhesion, mediating development of the nervous tissue, marker of NK-cells and plasma cells [13]. During the entire period of cultivation its expression both in ATCC and BMCC was not observed, while BMCC was characterized by a low level of CD56 expression from the first to the fourth passage.

CD66e – glycosylated glycoprotein of epithelial cell surface membrane, that explains its detection in most organs [17]. In the culture of cells of adipose tissue its expression of it was decreasing beginning from the first to fourth passage, reverse pattern was observed in BMCC.

CD95 – transmembrane glycoprotein type I, mediates the signal that initiates apoptosis [32]. Beginning from the first passage expression intensity of this marker was increasing in either investigated cultures. CD95 expression growth data correlates with levels of apoptosis in bone marrow cell culture that was investigated by us earlier [2]. So with the obtained data we can conclude that increase in CD95 level is explained by the growths of cells in apoptosis.

CD227 – transmembrane glycoprotein, expressed by epithelial and some hematopoietic cells [19]. Hyper-expression of this marker leads to cell transformation of the cell and eliminates the stress-induced apoptosis through Akt or p53 cascades [26]. During the research we noticed the low level of CD227 expression with minor fluctuations, whereas in the adipose tissue cell culture expression level exceeded negative value only on the third passage and reached its maximum mark, 73 points.

CD326 – transmembrane glycoprotein, type I, is a marker of epithelial cells. Cells that express this marker have a reduced need for growth factors, increase in their metabolic activity and the ability to form colonies is observed [24]. Bone marrow cell culture showed decline of CD326 expression from low to negative degree, while in the adipose tissue cell culture the reverse pattern was noted.

Keratin is included in intermediate filaments of epithelial cell cytoskeleton [12]. Presence of a positive reaction with these antibodies indicates epithelial origin of the cells [23], cytokeratin was detected in adipose tissue by other scientists [1, 31], while according to our own results keratin expression level in adipose tissue remained at the same level, and was characterized as low. Culture of bone marrow cells showed accurate reduction of this protein from high to moderate level.

Conclusion and prospects for further research.
Results of our studies have shown that the primary culture of adhesive cells both of adipose tissue and bone marrow consists of different kinds of cells, which is associated with a diversity of the original pool. Increase of percentage content of fìbroblast-like cells in the studied cell cultures with passages was noted. During the passaging the CD-profile of the cells in the studied cultures was changing with certain patterns. Based on the range of used CD markers specific for non-specialized (poorly differentiated) cells, intense reduction of their expression with passages in ATCC (compared to BMCC) may indicate reduction in versatility of this culture and its differentiation ability. This hypothesis is confirmed by credible growth of CD95, indicating initiation of apoptosis in the culture.

Different phenotypes of cell cultures of bone marrow and adipose tissue allow their future use in cell therapy and different impact under similar conditions may be expected.
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Pic. 2. Micrograph of a colony of cell culture of adipose tissue in vitro, 7th day of cultivation. Native drug . × 10, × 10





Pic. 1. Micrograph of culture of bone marrow cells in vitro, 7 days of cultivation (0 passage). 
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Pic. 4. Micrograph of adipose tissue cell culture monolayer in vitro, passage 1. 
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Pic. 3. Micrograph of bone marrow tissue cell culture monolayer in vitro, passage 1.
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Pic. 5. Micrograph of adipose tissue cell culture monolayer in vitro, passage 4
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Pic. 6. Micrograph of adipose tissue cell culture monolayer in vitro, passage 4
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